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Introduction
SHAPE (Semantically-enabled Heterogeneous Service Architecture and Platforms Engineering) (ICT-2007-216408) (http://www.shape-project.eu/) is a European Research Project under the 7th Framework Programme that develops an infrastructure for model-driven engineering for service-oriented landscapes with support for various technology platforms and extensions for advanced service provision and consumption techniques.
The technologies developed in the project are centred around SoaML [OMG 2009a ], which is a metamodel for describing service-oriented landscapes that is standardized in OMG. SoaML is extended with metamodels for other technology platforms and advanced service engineering techniques. The project provides an integrated tool suite that supports the modelling on the basis of the metamodels, encompasses the necessary model transformations, and a methodology framework that provides role-specific guided procedures for creating all model types and supports the creation of customized methodologies for individual engineering projects.
The technologies are tested, demonstrated, and evaluated by two industrial use case partners. Saarstahl AG, a German steel manufacturer, expects substantial benefits for integrating legacy systems and in particular for the integration of the agent-based production line planning system from applying the SHAPE technologies. Statoil, the largest Norwegian oil and gas company, expects improved practices for business and IT modelling, increased support for flexible event and action management, and more intelligent solutions supporting increased data volumes and improved decision making support from applying the SHAPE technologies.
This paper focuses on the application of the SHAPE technologies in the Production and Process Optimization (PPO) industrial use case at Statoil. The paper is structured as follows: In section 2 we present the PPO use case and the chosen SHAPE technologies that are applied. Section 3 describes the service-oriented modelling of the use case from a business perspective and section 4 describes the service-oriented modelling from an IT perspective. Finally, section 5 concludes this paper.
Production and Process Optimization (PPO) Case Study
The Norwegian Oil Industry Association (OLF) has defined the term Integrated Operations (IO) as "real time data onshore from offshore fields and new integrated work processes" and has estimated the economic potential of IO to be in the magnitude of 300 billion NOK [OLF 2007] . The technical implication from IO is an increased exchange of information across geographical and organizational boundaries, internally and externally. These requirements drive for new IT solutions, solutions not possible to implement using the more traditional approaches to software development. For this information exchange to be successful, good interoperable IT solutions and standards are needed.
For major actors at the Norwegian Continental Shelf (NCS) such as Statoil the focus now is implementation of IO generation 1 solutions and strategic planning of IO generation 2 solutions. Generation 1 activities focus on integration across onshore and offshore, while generation 2 activities focus on integration across companies. Statoil is an integrated technology-based international energy company primarily focused on upstream oil and gas operations. A joint venture Production and Process Optimization (PPO) project [Sagli, et al. 2007 ] between Statoil and Schlumberger serves as an industrial use case for the SHAPE project.
The use case is concerned with improved reservoir management and production optimization. The aim is to provide an integrated solution for optimizing the reservoir performance, intelligent wells and production processes among the numerous offshore production sites. The processes are currently performed by production experts supported by an IT landscape which consists of various isolated and heterogeneous legacy systems of a considerably high complexity that is necessary to provide the required high-quality information.
In order to support the reservoir management process, a prototyping process has been developed for surveillance workflow development and deployment. The dynamic prototyping process allows a bottom-up development of workflows starting from data conditioning and reconciliation up to optimization and control. This should work together with a workflow advisor enabled for improved decision making, streamlining of model updating and other tasks. The workflows depend on a set of software components as shown in Figure 1 . In the SHAPE project we are investigating how to further improve this process by applying service-oriented modelling practices and technologies developed in SHAPE. This is concerned with designing a service-based infrastructure for integrating the information from various subsurface and topside dwelling and production facilities, which are locally distributed and utilize different, often heterogeneous information representation and IT systems. The aim is to better align the business processes and optimize the production process, which has great business surplus value for Statoil.
The realization of the PPO scenario faces several challenges.
-The first challenge is to enable an integrated and comprehensive modelling of the business processes for managing the production, which involve various locally distributed actors and expose a considerable complexity.
-The second challenge is the design and modelling of the services for enabling the consistent and automated information exchange among the various IT systems as well as the system architecture on how the services shall interoperate, whereby existing systems shall be integrated and new services shall be developed. 
Figure 2. Business goals (BMM)
The BMM modelling activity is focused on defining business motivation and the goals of the business operation. Figure 2 shows a goal diagram for the PPO use case, where the two main goals "improved reservoir management" and "production optimization" have been further refined. The business goals can be used to link business processes, roles and services with the business operation.
Starting from High-level Business Processes
The focus of the use case is the production optimization value chain in the production optimization group (POG). The detailed production optimization (DPO) includes the activities for 1) well surveillance and diagnosis, 2) network optimization, 3) P&I plan draft and 4) identifying intervention candidates. The aim is the harmonisation of these sub-processes. This can be done by implementing triggered control elements.
Every supply chain can be further described by process chains using BPMN. Figure 3 shows a detailing of the well surveillance and diagnosis sub-process modelled by business architects at Statoil. On each asset each well shall have one person assigned and responsible for the well surveillance, monitoring and optimisation. 
Services Architecture
Based on the BPMN process descriptions for each of the four sub-processes the SHAPE methodology prescribes the specification of a services architecture using SoaML.
A services architecture denotes a business community and focuses on how all the participants in the community work together by providing and using each other's services. Figure 4 shows the high-level services architecture for the production and process optimization at the POG-level as a UML collaboration. Lanes in BPMN represent participants or departments and are modelled as parts (instances of SoaML participants) in the services architecture. Interactions, e.g., passing data between lanes in BPMN, identifies potential service usage and are modelled as collaboration uses (instances of SoaML service contracts) in a services architecture. 
Service Contracts
The interaction points of these collaboration uses in the services architecture must be further defined as service contracts for the participants. A service contract is the specification of the agreement between providers and consumers of a service as to what information and obligations will flow between the parties defining the service. Figure 5 shows the initial service contract for the "OptimizeProcessFacility" collaboration use defined in Figure 4 . The IT-level SOA modelling for the Statoil PPO scenario adopts the SHAPE technology platform modelling methodology that prescribes the use of SoaML for defining platform-independent specifications that can be transformed to Web services based architecture realizations. SHAPE also provides UML extensions to SoaML to support Semantic Web Services (SWS) and Agent technologies.
Service Interfaces
The starting point for the IT-level SOA modelling is the business SOA model that specifies the services architecture and the service contracts. Figure 6 shows the participants in the services architecture with ports corresponding to the service interfaces (with provided and required interfaces) defined in the initial service contract from Figure 5 . These participants correspond to roles from the BPMN process. The service contracts must be further refined with respect to software components that are used by the identified participants to fulfil their service obligations.
The IT-level modelling activity is focused on establishing a service-oriented architecture with well-defined software services to support the business processes. SoaML supports the specification of software services using simple interfaces and service interfaces. The simple interface focuses attention on a one-way interaction provided by a participant on a port represented as a UML interface, whereas the service interface based approach allows for bi-directional services, i.e., supporting callbacks from the provider to the consumer as part of a conversation between the participants.
The diversity of applications at Statoil suggests the usage of standard-based services. In this particular use case we want to investigate the usage of the PRODML standard (http://www.prodml.org/) to implement the identified service interfaces. The PRODML standard defines a set of Web services and corresponding XML schemas. Statoil has identified a suitable Web service from the standard that obtains production volume data as specified by a production volume schema. Figure 7 below shows the SoaML specification of the PRODML interface for the production volume Web service. The diagram contains an interface with the service operations according to a document-oriented style where message types are passed as arguments and returned as outputs. The structure of the message type is also shown in the figure and is based on the production volume schema. This interface will fulfil the requirements of the ProcessFacility interface identified in the service contract. 
Components
The specified service interfaces must be realized by software components. SoaML prescribes that these software components can be specified as participants.
For complex systems the modelling of software components may also be associated with separate services architecture and corresponding service contracts. In this example, the components represent software specifications and the models can be used for model transformation and/or code-generation down to underlying implementation technologies.
Figure 8. Software component specification (SoaML)
Software services in this case could be either new functionality that must be implemented or wrappers for existing legacy systems. In Figure 8 we see that the ProcessControlAWR software component provides the IT support for the POG Coordinator by realizing the service interface. The ProcessControlAWR component is a composite component that consists of two components. We see that there is an existing application called SEPTIC that offers this functionality through a legacy interfaces (ProdMLProc and OPC) and that there is a wrapper that provides the PRODML Web service interface (PROD_ProductVolumeSoap).
Conclusion
In this paper we have presented an overview of how the SHAPE methodology and in particular the SoaML modelling language has been applied in a top-down manner to model a subset of the Production and Process Optimization (PPO) industrial use case at Statoil. By following the methodology, which uses the SoaML language to represent both a business perspective and an IT perspective of SOA, better business and IT alignment can be achieved since the IT-level model can be viewed as a refinement of the business-level SOA model. Additionally, the SoaML model artefacts can be linked to business goals described in BMM to further help in the alignment process. The SHAPE methodology is currently in the finalization phase and is being revised according to user feedback and experience. Moreover, the methodology is being aligned with the latest changes in the SoaML specification which is also currently under finalization in the OMG.
One aspect of the methodology that requires further work is to provide better guidelines for behavioural modelling. SoaML is quite open with regards to behavioural modelling, and explicitly states that any UML behaviour can be used. There is also a synchronization and integration to be done with the ongoing BPMN 2.0 specification, which introduces some service concepts that overlaps with the SoaML specification.
The work presented here has mainly been done in the 7th Framework Programme research project [SHAPE] (ICT-2007-216408) . The overall aim of the project is to develop the foundations for the model-driven development of serviceoriented system landscapes with support for the integration of other technologies in order to increase the effectiveness and quality of modern software and system engineering.
